INTRODUCTION

Background
As a wheel load is applied near a transverse doweled joint in a PCC pavement, both loaded and unloaded slab deflect since a portion of the load applied to the loaded slab is transferred to the unloaded one through the dowel bars. As a result of the presence of load transfer devices, deflections and stresses in the loaded slabs may be significantly less than those induced in slab with free edge. The magnitude of reduction in stress and deflections by a joint depends on its load transfer efficiency.
The term load transfer efficiency is used to express the ability of a joint to transmit part of the applied load on the loaded slab to the adjacent unloaded one (Ioannides and Krovesis, 1992) . Several formulae for calculating load transfer efficiency have been adopted by various researchers to provide quantitative measures of pavement-system response:
Deflection load transfer efficiency, LTE δ :
This is the most common measure for load transfer efficiency. where d u and d l are the vertical displacements of the unloaded and loaded slabs respectively measured at the joint on the top of the slabs. Another definition for the deflection load transfer efficiency is the one first proposed by Teller (Teller and Sutherland, 1936; Teller and Cashell, 1959) and is still in use by researchers (American Concrete Paving Association, 1991 , McGhee, 1995 , Colley and Humphrey, 1967 Raja and Snyder, 1991; Khazanovich and Gotlif, 2003) as: If a joint exhibits a poor ability to transmit load, the deflection of the unloaded slab will be much less than that of the loaded one. In this case, both LTE indexes will have values close to zero. On the other hand, if the joint has a good ability to transfer load, the deflection of both sides will be close to each other and both indexes have values close to 1.0. The two indexes are related to each other by the equation: 
Stress Load Transfer Efficiency, LTE σ
Load transfer efficiency can be computed based on stress using formulae similar to those developed for deflection-based load transfer efficiency. The most commonly used equation for stress-based load transfer efficiency is given as:
where σ u and σ l are bending stresses of the unloaded and loaded slabs respectively. Also, the following expression was proposed by Sutherland and Cashell (1945) :
Where σ f = stress for a given load applied at a free edge, σ j = stress for a given load applied at the crack or joint edge, σ i = stress for a given load applied at the slab interior.
The stress-based load transfer efficiency indicates the reduction in bending stress at the joint caused by the presence of load transfer devices. Previous studies indicated that there is no one-to-one relationship between stress-based and deflection-based load transfer efficiency indexes. Korbus and Barenberg (1979) developed a relationship that can be used to correlate these two efficiency parameters. Such a relationship was subsequently adopted by the AASHTO Pavement Design Guide ( AASHTO, 1993) . Because of the difficulty inherited in stress measurement in concrete slabs, the fact that stress in concrete slab is influenced by the slab geometry and applied load configuration, and the ease of rapidness of deflection measurement, the deflection-based load transfer efficiency is commonly used to measure the load transfer in concrete pavements.
Transferred Load Efficiency, TLE
TLE, a dimensionless variable, was introduced by Ioannides et al. (1990) to express the ratio of the load transferred across the entire length of joint P T to the total applied load P, and given by:
Additionally, Ioannides et al. (1990) presented the load distribution factor, f d , that indicates the load share of any given dowel bar from the total transferred load through a joint as expressed by the equation:
where P i is the load transferred by a particular dowel bar. Westergaard (1929) presented the first rational method of designing joints in concrete pavements by providing a theoretical means for computing the shearing force in each active dowel bar as well as the critical stresses that occur in the slab under the edge load. However, his analysis was limited to the hypothetical case in which the deflections of the two sides of the joint are equal (LTE=100%). Westergaard concluded that only the first two dowel bars from each side are active in transferring the load to the adjacent slab. Friberg (1938) assumed that dowels at a distance greater than 1.8 times the radius of the relative stiffness, l , from the center of the load are inactive in transferring any load through the joint. Westergaard (1926) Friberg (1938) also assumed that the shear force in an active dowel decreases as a linear function of distance. Stresses induced in concrete were calculated based on Timoshinko's solution for the dowel bar as an infinite beam encased in an elastic medium. The concrete surrounding the dowel bar was idealized with a single parameter, the modulus of dowel support, K. Values of K ranging between 300,000 and 3,000,000 pci were suggested. A value of 1,500,000 pci is commonly used as a typical value (Yoder and Witczak 1975 and Haung 1993) . The relative stiffness, β, of a bar embedded in concrete is given by:
Mechanistic Modeling of Load Transfer Efficiency
Where: b= diameter of the dowel. E= modulus of elasticity of the dowel. I= moment of inertia of the dowel.
If the joint width is designated w, Friberg calculated the deflection of the dowel at the joint face, y 0 , and the bearing pressure (σ b ) on the concrete as: It is significant to point out that the above stress is a compressive stress that is well below the concrete compressive strength.
The lack of sound experimental or theoretical procedures for determining both the modulus of dowel bar support K and the amount of load transferred in any dowel made it impossible to accurately calculate the stresses or the deflection using the Firberg's approach. Kushing and Fremont (1940) suggested that the range of distribution of load transfer hardly extended over more than π l each side of the load, while Sutherland (1940) reported experimental results that support Westergaard's conclusion that only the dowels near the load are effective in load transfer.
In an attempt to better understand the role of dowels in load transfer, Two Dimensional Finite Element (2D-FE) was introduced. Several finite element programs have been developed including: ILLI-SLAB (Tabatbaie and Barenberg, 1978; Krovosis, 1990) , JSLAB (Tayabji and Colley, 1986) , KENSLABS (Huang and Wang, 1974) , WESLIQUID (Chou, 1981) , WESLAYER (Chou, 1981) , KENLAYER (Huang, 1993) , FEACONS IV (Tia et al., 1987; Wu and Larsen, 1993) , and ISLAB2000 (Khazanovich et al., 2000 , Beckemeyer et al., 2002 . All these programs simulated the traffic loads as a static load. Earlier 2D FE programs utilized the single parameter K to simulate the dowel-concrete interaction. Using ILLI-SLAB, Tabaabaie and Barenberg (1980) supported linear decrease of shearing forces in dowels with distance from center of load application; however the distribution length was reduced to 1.0 l . The use of reduced distribution length was also supported by the results of Heinrichs et al. (1989) and Huanng (1993) . Results from J-SLAB (Tayabji et al. 1986 ) indicated that only the dowel diameter, modulus of subgrade reaction, and modulus of dowel support significantly effected pavement stresses and deflections.
In 2D FE programs, dowel bars were simulated using beams elements or linear and torsion spring elements. In such a representation, it is assumed that the displacements at the ends of the beam or spring element are equal to those slab elements. Nishizawa et al. (1989) rejected this assumption and suggested modeling dowels using a combination of linear and torsional springs that simulated both the dowel bar and the aggregate interlock. Guo et al. (1995) integrated the modulus of dowel support in a two-dimensional finite element formulation in order to simplify dowel bar simulation in 2DFE models of rigid pavements and to account for dowel looseness. The 2DFE-calculated shear force in the dowel bar is substituted into Equation 11 to calculate the bearing stress in the concrete surrounding that dowel. However, the triaxial state of stress that takes place around the dowel could not be viewed. Further, the horizontal friction force between the dowel bars and the surrounding concrete cannot be modeled. Channakeshava et al. (1993) developed a nonlinear static 3D-FE model to study the combined effect of a linear thermal gradient and a static wheel load. Dowel bars were simulated as beam elements mounted on elastic springs of constants equal to the modulus of dowel support K. Effect of different extents of loss of subgrade support and different dowel-concrete interface characteristics were considered. The study concluded that nighttime curling is a critical loading case since truck traffic is heaviest during the night; in addition, it causes loss of support under the joints. They also reported the loss of support under transverse joint due to nighttime curling would result in an increase of the load transfer efficiency of the joint. The authors reported a large concentration of tensile stresses in the elements below the dowel bars. A finding that does not explain the small horizontal cracks observed in Friberg's (1938) experiments. Davids et al. (1997 Davids et al. ( , 1998 ) developed a 3D-FE program specifically for rigid pavements. Concrete slabs were modeled using 8-node solid brick elements. An embedded beam element formulation was developed to precisely locate the dowel bar within the finite element mesh irrespective of the slab mesh lines. This model also permits rigorous treatment of dowel looseness, which affects the load transfer efficiency. Later, the program was modified so that a Winkler foundation can be specified between the dowel and concrete instead of explicitly modeling dowel looseness (Davids, 2000) . Examining the load transfer efficiency at doweled transverse joints for both curled and flat slabs revealed that slab curling has a large influence on dowel-concrete bearing stress (Davids, 2001 ). However, both simplified dowel modeling techniques employed in these models are still incapable of predicting the triaxial state of stress that develops in the concrete surrounding the dowel bars.
The tendency to simplify the dowel bar representation in 3DFE models using beam elements supported on springs whose modulus is the modulus of dowel support became the common feature of the majority of 3DFE models developed during the past decade (Kuo et al., 1996; Kennedy and Everhart, 1996 Sargand and Breegle, 1998, Davids, 2001 ). This simplification is justified by the fact that such models were used to investigate the overall slab stresses and deflections induced under mechanical and/or thermal loads. However, when the modeling objective is to examine dowel-concrete contact stresses, detailed modeling of dowel bars and their interfaces with concrete becomes essential.
A 3DFE model of dowel-jointed concrete pavement that featured detailed three dimensional modeling of dowel bars was developed by Shoukry and William (1998) to examine the effect of dowel looseness on load transfer efficiency and slab stresses. The general 3D-FE code LS-DYNA was used as the equation solver. All pavement layers as well as dowel bars were modeled using 8-node solid brick elements. Dowel-concrete interfaces as well as slab-base interface were simulated using sliding interfaces with friction that allows for slab-base separation. The results indicated that the localized high stresses induced in the concrete surrounding the dowels causes an elastic deformation. As a result, for a joint with intact dowel bars, the maximum recorded load transfer efficiency was 91 percent. The model results also indicated that such high stresses around dowels initiate cracks around the dowel, which is the main reason for dowel looseness (Shoukry et al., 2002 ).
Measurement of Load Transfer Efficiency
Nondestructive deflection devices are currently used to evaluate the in situ load transfer efficiency of rigid pavement joints as well as cracks slabs (AASHTO, 1993) . Such techniques allow the engineer to evaluate the actual joint performance in the field relative to their expected performance in the design phase.
All nondestructive deflection devices are suitable for evaluating the load transfer efficiency at any joint provided that deflection sensors can be mounted close enough to each other across the joint to measure vertical displacement of both loaded and unloaded slabs. Once the unloaded and loaded slab deflections are measured, deflection-based load transfer efficiency can be directly determined using Equation 1.
Falling Weight Deflectometer (FWD) is the most commonly used nondestructive testing device for load transfer efficiency measurements. Because of its ease of use, rapidness and accuracy of measurements, the AASHTO Pavement Design Guide ( AASHTO, 1993) recommends the use of such a device for deflection measurements required for designing the required thickness of the asphalt overlay or bonded concrete overlay. The AASHTO Design Guide (1993) recommends measuring the joint deflection along the outer wheel-path. The loading plate should be placed on one side of the joint with its edge touching the joint. Deflections are measured at the loading plate center and at 12 inches from the center (6 inches from the joint edge on the adjacent slab). Deflection load transfer Efficiency can be computed from the following Equation:
Where LTE δ = deflection load transfer efficiency, percent, 
Objective
The main objective of this study is to examine the accuracy of measuring load transfer efficiency of transverse joints in dowel jointed concrete pavements using FWD and examine how such a deflection-based load transfer efficiency correlates with the actual shear force transmitted through mechanical load transfer devices (traditional dowel bars or shokbars) across transverse joints.
Research Methodology
The study was performed on West Virginia instrumented pavement sections located on Route 33 near Elkins and in Goshen Road, West Virginia. Each instrumented pavement section is fitted with thermistor tree that enables accurate measurement of the temperature gradient profile at the time of load transfer efficiency measurement. The slabs are also fitted with instrumented dowels that allow measurement of the actual shear load transmitted by the dowels during the application of impact loading. FWD tests were conducted on slabs fitted with 1.5 inch diameter epoxy coated dowel bars and shokbars. The deflection-based load transfer efficiency was measured at the corner dowels, wheel-path dowels and center dowels. The results obtained from FWD sensors were compared with the direct measured results using bonded strain gauges on the dowel bar. Measurements were conducted during different times of the year to investigate the seasonal effect on the measured data. The instrumentation plan was set in order to collect data for several key performance parameters that evaluate the behavior of pavement slabs due to diurnal, seasonal, and structural inputs. For this purpose, strains in various locations along slab centerlines, joint openings, temperature profiles, dowel bar moments and axial forces were recorded at specific intervals starting at the time of placing concrete. The instrumentation plan was aimed to focus sensors in selected slabs so as to capture the full behavior of slabs in a mechanistic fashion rather than collecting redundancy in data. The selection of the sensors was based on their functional characteristics, size, sensitivity, accuracy, and past experience with successful performance. The state of curling of the slab is recorded through dowel bending measurements of instrumented epoxy coated dowels 38.1 mm in diameter and 45.7 cm long located at the slab transverse joints. For collecting bending strains, two uniaxial strain gages were mounted on the top and bottom of the dowel within the bar center. Each instrumented dowel went through a careful procedure to mount the strain gages in their proper locations, with the goal of producing the instrumented dowel with almost no change in its characteristics or its surface texture. Each instrumented dowel was calibrated in the laboratory to check the accuracy of the collected readings and the theoretically calculated straining actions. This was achieved by applying pure bending moments of known magnitudes, and verifying the response of the bars against theoretical calculations. To calculate bending moments of the dowels the following equation was used: Transverse joints were formed by saw-cutting a shallow groove approximately 50 mm in depth five hours after concrete placement. As the concrete slab starts shrinking, cracks initiate from the tip of such opened groove and propagate downward. Visual inspection of the opened cracks at transverse joints during the seven days following concrete placement indicated that the crack width at transverse joints is not constant along the pavement section as illustrated in Figure  2 .4. This indicates that the amount of edge constraint differs from one transverse joint to another along the road. Therefore, the concrete slab does not contract or expand symmetrically around its center. Figure 2 .4 also indicates that the amount of joint opening at each transverse joint increases with time during the first week of pavement life.
CHAPTER TWO
To have a better insight into the change of the amount of joint opening with time, the time-history of the joint opening recorded by the crack-meter installed at transverse joint No. 13 is shown in Figure 2 during the first week to about 0.20 mm, it starts increasing as the temperature decreases during winter until it reaches a maximum value of about 0.6 mm after 180 days, it then decreases during summer to fluctuate around 0.2 mm (the initial opening) after 300 days. Such a change in the amount of joint opening with time indicates a change in the amount of constrains along the slab edges due to the presence of dowel bars. The constraining effect of the dowel bars at the transverse joint opening is evident from observing the change in recorded dowel bending moment due to the change in the temperature gradient. Figure 2.3 (a) illustrates the time history of the measured difference in slab top and bottom temperatures. Over the monitoring period of 400 days (from September 2001 to June 2005), the difference between slab top and bottom temperatures varied between -8 ºC to +10 ºC. The time history of dowel bending moments developed in the corner dowel nearest to the shoulder during the same period of pavement life is illustrated in Figure 2.3 (b) .
The magnitude of the joint opening as well as the amount of its curling due to the temperature gradient through its thickness will influence the joint load transfer efficiency. For example, if the joint is tested while it is fully opened, the measured load transfer efficiency is expected to be less than that measured if the joint is closed. Also, the load transfer efficiency measured while the joint suffers upward curling will differ from that measured if the joint suffers downward curling and is in contact with the base layer.
FWD Loading Tests
The thirty transverse joints were tested using FWD to measure load transfer efficiency. Deflection tests were conducted along the pavement edge as well as along the wheel-path. • The slabs fitted with 32 mm (1.25 in) diameter dowels displayed higher variability of the measured load transfer efficiency than those fitted with 38 mm (1.5 in) diameter dowels.
• Load transfer efficiencies measured along the wheel-path are generally higher than those measured along the slab edges.
• Shokpolymer out performs the shoksteel and traditional dowel bars. The lower values of load transfer efficiencies measured for shoksteel are expected because of the clearance between the sleeves and dowel.
• The value of the measured load transfer efficiency along the wheel-path is higher than that measured along the pavement edge.
• Both Shoksteel and Shokpolymer designs preserved the load transfer efficiencies.
Although their measured load transfer efficiencies are close to those of the steel dowels, they enabled a more uniform joint opening through their sections than regular steel dowels. • Loading position has a significant effect on resulting LTEs of individual joints especially if the joints were fitted with 32 mm diameter dowels (T-Test values are less than 0.1). The effect of the loading position on the load transfer efficiency is less in the case of joint fitted with 38 mm diameter bars.
Effect of Joint Opening
The effect of change in joint opening on LTE was examined. Figure 2 .6 presents the joint opening recorded at the time of testing versus the deflection-based load transfer efficiency for the joint fitted with regular 38 mm diameter dowels. As the joint opening increases, the load transfer efficiency decreases. The limited amount of data available from this study indicates a linear relationship with a moderate correlation between LTE and joint opening.
2.4
Effect of Slab Temperature Figure 2 .7 presents the mean slab temperature recorded at the time of testing versus the deflection-based load transfer efficiency for the joint fitted with regular 38 mm diameter dowels. As the slab temperature increases, the load transfer efficiency increases. The limited amount of data available from this study indicates a linear relationship with a moderate correlation between LTE and joint opening. 
Effect of Temperature Gradient
Figure 2.8 presents the temperature differential through slab thickness recorded at the time of testing versus the deflection-based load transfer efficiency for the joint fitted with regular 38 mm diameter dowels. As the temperature differential increases, the load transfer efficiency increases if the load is positioned at the corner, while it decreases if the load is positioned along the wheel-path. The limited amount of data available from this study indicates a linear relationship with a moderate correlation between LTE and joint opening. 
CHAPTER THREE MEASUREMENT OF DOWEL SHEAR FORCES
Introduction
Both 38-mm diameter steel dowels as well as Shokbars are fitted with two miniature strain gages embedded on top and bottom to measure dowel bending as presented in Figure 2 .3 (b) and strain rosette on the side to measure the shear force. Attempting to measure the dynamic shear force in the dowels in Elkins, West Virginia during the FWD tests failed since the signals were contaminated with a high noise level that prevented extracting any useful information out of them. The reasons for such a nose can be attributed to the long cable lengths as well as the aging of strain gages. For this reason, the dynamic tests were conducted on another newly constructed concrete pavement site in Goshen Road, West Virginia. This Chapter describes this pavement site as well as the data collected from the dynamic testing of dowel bars and shock bars.
Goshen Road Pavement Site
A set of seven test concrete slabs were cast for experimental study in a designated open area at the parking lot of the WVDOT Maintenance Shop at Goshen road, West Virginia. The slabs were instrumented with a variety of sensors for long-term monitoring of the slab response to various loading conditions including seasonal and daily temperature changes. The sensory system is designed to provide continuous data from key-performance parameters that formulate the behavior of the slabs such as the distribution of strains along and across the slab centerlines, joint openings, temperature profiles through the slab thickness, dowel bending moments, dynamic shear and normal forces, strains at the concrete-dowel interface along with a continuous record of weather conditions. Special care was taken while constructing the base layer of the instrumented slabs in order to provide the required base/slab friction characteristics. The base consisted of a 10 cm thick layer of crushed stones with an average size of 1.25 cm. Three bleeders about 50 cm in width were constructed along the 36 meters long base for the purpose of rain water drainage. The base layer was extended 30 cm from each side of the slab edges to provide uniform distribution to the slab support. The top surface of the base layer was carefully treated in order to provide minimum amount of slab/base friction under 6 slabs. A 2.5 cm thick layer of cement paste was spread on the top surface of the base layer, finished to a smooth surface and set to cure for 15 days. This layer was then drilled at staggered spacing of about 30 cm throughout the surface with openings 1 cm in diameter to allow better water drainage. A thick fabric sheet was then placed on top of the finished surface and concrete slabs were cast on top of the fabric sheets within wooden forms. In contrast, one free slab was placed directly on the crushed stones base layer for the purpose of studying the effect of slab/base friction. The construction of slabs was carried out through 2 stages. The first stage consisted of placing 3 slabs that served to provide joints to the instrumented ones. Those 3 slabs were anchored to the ground to simulate the extended continuity of pavements, i.e. maximum resistant to movement. In each of the fixed slabs, 4 steel guard rail posts 1.8 meters long were driven along the transverse center line of the slab. The extended portion of the posts above the finished surface of the base layer measured 25.4 cm which is exactly the thickness of the slabs. The second stage of construction consisted of placing the instrumentation system and casting the 4 instrumented slabs in between the wooden forms as shown in Figure 3 .1.
FWD Testing
The West Virginia Department of Transportation provided a Dynatest Falling Weight Deflectometer (FWD) to apply dynamic loads at transverse joints as shown in Figure 3 .2. The tests were conducted along three lines: slabs edge, wheel-path, and slab centerline. The transverse joints in this instrumented pavement section were constructed to be fully opened using a foam separator. This construction technique ensures that dowel bars or shokbars are the only means of load transfer device between adjacent slabs. This means that the shear force measured in this study represents the highest value of the shear force that can be transferred by the dowels as the FWD is applied at the transverse joint edge.
The FWD impacts are applied at the locations of the instrumented dowels as the strain rosette output was recorded. The data acquisition system was programmed to collected data from all sensors at a rate of 1000 sample per second during the FWD testing. The system was activated as the FWD was about to drop and stopped after impact. Three FWD impacts were applied and recorded at each testing location. The deflection-based load transfer efficiencies were calculated from the surface deflections measured using the FWD device. The tests were performed in June 2005.
Dowel Bar Shear
Under the effect of the impact load of the FWD, dowel bars are subjected to bending moment and shear force. In this analysis, we will focus on the shear force since it represents the actual force transferred by the dowels to the unloaded slabs. Equation 3.1 was used to calculate vertical shear forces from the strain measured by the strain gage rosette as the FWD loads were applied at the joint edge:
( ) Table 3 .1. It can be noticed that the maximum shear forces are recorded in the corner dowels when the FWD loading plate is positioned just over these dowels. It can be noticed that the shear force recorded in the shokbar, located at the corner, is approximately five times that recorded in the corner dowel. This clearly demonstrates the ability of the shokbar in transferring shear forces between adjacent slabs.
3.5
Distribution of Shear Forces among Dowel Bars Figure 3 .4 illustrates the distribution of the shear forces among the dowel bars at transverse joint due to the application of the FWD load at three locations: corner, wheel-path and joint center. It can be noticed that the magnitude of the dowel shear force decreases linearly as the distance from the loading position decreases on both sides, which agrees with the assumption of Friberg (1938) and the finding of Tabatabie and Bernberg (1980) . The same observation can also be made on the shokbars presented in Figure 3 .5. However, the magnitudes of the shear force transmitted through the shokbars are higher than those transmitted through traditional dowels and the number of the active bars is less. The magnitude of the shear forces induced in the The magnitudes of the shear forces induced in the dowel bars at transverse joints are listed in Table 3 .2. The results in Table 3 .2 show that the shear force transmitted through the shokbars due to corner loading is as twice as that transmitted by regular dowels. This indicates that the use of shokbars at transverse joints would reduce the corner breaks. The maximum shear force transmitted through the dowels or shokbars is obtained when the load is applied near the joint center. The results indicate the superiority of the shokbars in transmitting the corner and wheel-path loads. The percentages of the load transferred through the dowels and/or shokbars are compared with the deflection load transfer efficiency calculated based from the deflection basins as illustrated in Figure 3 .3. Despite the high values of deflection-based load transfer efficiencies, the percentages of the actual shear forces transmitted through dowels/Shokbars are very low. This finding agrees with measurements reported by Sargand (2000) , who reported low values for the shear forces measured in dowel bars irrespective to the high values of deflection-based load transfer efficiency. The results in Table 3 .3 indicate that there is no one-to-one relationship between load transfer efficiency and the deflection-based load transfer efficiency.
Location
The large discrepancies between the deflection-based load transfer efficiencies and load transfer efficiencies illustrated in Table 3 .3 can be explained by the following reasons:
• Slab deflections increase in the presence of dowel bar looseness while dowel shear forces decrease.
• The FWD tests were conducted between 10:00 AM and 12:00 PM. During this time, the slabs are subjected to positive temperature gradient, which makes the joints in contact with the base layer. This reduces the shear forces transmitted by the dowel bars or the shokbars (Channakeshava et al., 1993) .
CHAPTER FOUR SUMMARY AND CONCLUSIONS
The analyses of the trends reported in this study were intended to calculate deflectionbased load transfer efficiency (LTE) and the percentage of load transferred through the load transferring devices mounted across the transverse joint. The effects of the seasonal temperature variations and the position of load application were examined. The following are highlights of the results obtained from this study:
1. Load transfer efficiency was found to be a complex parameter that depends on many factors that include load position, testing time, slab temperature, and load transfer device.
2. Testing time and season were found to have a significant effect on the measured load transfer efficiency. For the same joint, the load transfer efficiency measured in winter was found to be less than that measured in summer.
3. The slabs fitted with 32 mm (1.25 in) diameter dowels displayed higher variability of the measured load transfer efficiency than those fitted with 38 mm (1.5 in) diameter dowels.
4. Joint opening changes daily and seasonally as the ambient temperature changes. As the amount of joint opening increases due to slab contraction during winter, the measured load transfer efficiency generally decreases.
5. As the slab temperature increases, the load transfer efficiency increases.
6. Poor correlation was found between the deflection-based load transfer efficiency and the percentage of the load transferred through the load transferring devices mounted across the transverse joint.
